AbsPuct -This paper presents three new push-out based queuing priority schemes, suitable for mobile cellular networks. In such schemes, named OC Push out (POC), OC Threshold Push out (T-FQC) and Partitioned OC Push out (P-FQC), Handoff Calls (HC) and Originating Calls (OC) are both queued and a service selection policy based on measurement of the received signal MBPS, in addition the simpler FIFO policy has been used. The proposed strategies are studied by means of simulations for Merent percentages of HC, selected according to the radius of the cells. The performance achieved is superior with respect to classic schemes based on only HC queuing and to the Non Prioritized Scheme (NPS).
I INTRODUCTION
A key aspect in cellular mobile radio systems is represented by the procedure that allows the conversation to be continued when an active mobile terminal crosses the cell's borders (handon. Handoff must take place in the area where the ratio of received power levels from the current and the target base station (BS) is between handover threshold and receiver threshold.
The handoff process is initiated when the power received by the Mobile Subscriber (MS) from the BS of a neighboring cell exceeds the power received from the BS of the current cell by a certain amount. This is a fixed value called handover threshold. The receiver threshold is the threshold of received power below which acceptable communication with the BS of the current cell is no longer possible. In order to increase the users network capacity small sized cells will be used allowing more fresuency reuse in a given service area [l] . This will increase the numbers of cell boundary crossed by mobiles, so the handover procedure has significant impact on the system performance. Since, from the Mobile Subscriber's (MS) point of view, forced termination of an ongoing call is clearly less desirable than blocking of a new call attempt, the probability of handoff failure is a major criterion in performance evaluation of cellular systems [2]. Different handoff prioritization schemes have been proposed in literature to decrease the probability of forced termination of active calls.
In these schemes HC stream has a higher priority with respect to OC flow, obtained as follows:
1) The guard channel scheme. A number of channels exclusively for handoff is reserved.
2) The FIFO scheme. Handoff requests which cannot be served are queued in FIFO manner.
3) The Measured-Based Priority Scheme (MBPS). Handoff requests which cannot be served are queued and Serviced according to a signal power level based strategy.
The results obtained in [3] show that the MBPS provides better performance than the FIFO scheme under all traffic conditions. However, handoff prioritization strategies present two common negative points: 1) an inefficient spectrum utilization (especially in the guard channel scheme) when handoff traffic load is low; 2) worse performance of systems as concern the originating calls (OC), specifically an increase in call blocking, which results in a reduction of total admitted traac [4].
To overcome the above disadvantages other suitable priority schemes can be used observing that queuing of HC is possible because the dwell time (the time the terminal spends in the handoff area) is not negligible while OCs are less delay sensitive than HCs.
This paper describes and analyzes three new schemes based on well-known push-out mechanism [5] with queuing of both handoff and originating calls. The three schemes, named Pushout of OC (POC), Threshold Pushout of OC (T-POC) and Partitioned Pushout of OC (P-POC) aim to obtain a low probability of handoff failure along with a low probability of OC blocking.
The rest of the paper is organized as follows: the models of POC, T-POC and P-POC scheme are presented in section 11, the simulation model is presented in section III, numerical performance of the schemes are presented in section N, finally, conclusions are the subjects of section V.
II. "HE SCHEMES
The schemes analyzed store both the OC and HC streams.
They give priority to the HC by assigning a channel which becomes free to a OC only if there is no HC waiting for the seMce and by allowing a HC to replace, i.e. push-out, a stored OC.
In the POC scheme pig. 1) the access to the system is accomplished according to the following rules:
1) if the cell has free channels and the storage buffer (sized Q) is empty then both OC and HC can obtain a radio channel.
2) If the cell has no idle channel, then calls are queued in the buffer and both HC and OC can access to the buffer as long as there is a free position.
3) If a HC arrives and the buffer is full then the HC takes the place, if present, of the last OC in the queue which is pushed out, otherwise it will be blocked.
4) If the cell has an idle channel and buffer is not empty, the first HC in queue can access to the service, otherwise the channel will be assigned to the first OC.
The access to the system in the TPOC (Fig. 2) differs from POC scheme in rule three [6] .
3) If a HC arrives and the buffer is full then the HC takes the place of the last OC stored in the queue provided that the number of new calls in the queue is greater than a threshold T, otherwise it will be blocked.
In the P-FQC scheme the buffer is partitioned in two parts. The first portion of buffer is accessible to both streams and is managed according to a push-out strategy; the second part is used to store both the pushed out OC from the first portion, and the new OC that cannot access it (Fig. 3) . The rules are given in the following:
1) If the cell has free channels and the first portion of the storage buffer (sized Q1) is empty then both OC and HC can obtain a radio channel.
2) If the cell has no idle channel then calls are queued in the first portion of buffer and both HC and OC can acoess to the buffer as long as there is a free position.
3) If a HC arrives and the first portion of the buffer is full then the HC takes the place of the last OC entered, if present, which is pushed out, otherwise it will be blocked. The pushed out originating call goes in the second portion of the M e r and, if this is full, it takes the place of the last OC queued.
4) If an originating call arrives, the cell has no idle channels and the first portion of buffer is full, the OC is queued, if there is a place, in the second portion (sized Q2), otherwise it will be blocked,
)
If a place in the first portion is released then an Oc is moved from the second to the first portion of the buffer. 
m. SIMULATION MODEL
The schemes are analyzed considering the system at steady state with C=50 permanently assigned channels, so that all cells are equivalent, under the following hypotheses: the arrival streams of OC and HC follow Poisson processes with arrival rates of y and h respectively. Both calls have the same exponential holding time distribution with a mean of T=1/p.
The dwell time interval is drawn drom an exponentid Extensive simulations have been carried out by using the DOSE environment, a flexible object-oriented discreteevent simulation framework, implemented in the C++ language [8]. Each point of the curves has been obtained adopting a batch means analysis in which one long run is divided into a set of b (11c b <30) subruns, the batches, for properly computing a grand mean and the confidence interval at 95% [ 101. The first two batches are deleted in order to achieve the steady-state.
Performance characteristics have been obtained by estimating the blocking probability of OC (PBw) and the probability of forced termination of HC (P~~=PBHc +Pto), where PBHC is the blocking probability of HC and Pto is the time out probability, i.e. the probability that a queued HC is not served within the dwell time, for Merent values of the offered traffic of OC (pw=y/p), total offered traffic (p=y/p + Alp), and buffer size (Q). The index I = y/p (1-PBw) + Up
(1-Ptt), representing the total carried traflic [ll] , has been used to compare the schemes: each point of the curves maximizes the index I. Then with the TPOC scheme the optimum threshold is considered, while with the P-POC scheme each point has been obtained with the best buffer partition. distribution with mean O f TD= 1 / p~ [7] .
The influence of the buffer size is shown in Figure 4 and 5, where PBw and PA are computed as a function of Q, with h 4 . 5~ and p=45 Erlangs. Note that Pfl cannot be arbitrarily reduced by increasing Q, as opposed to the PBw.
When Q increases beyond few units, more HC are queued but they cannot be served within the dwell time. This causes other HC to be lost since the buffer is more likely to be full, occupied by users that will be not served anyway. The MBPS allows the system to obtain the smaller PA while guaranteeing the same OC blocking probability of the FIFO scheme. With the MBPS policy a released channel is assigned to the queued handover request with the lowest signal power received by the base station. Thus there is a decrease of the HC mean waiting time and then a reduction of the number of queued handovers whose dwell time expires (Pa).
Moreover, from Figure 4 it is seen that T-POC has the lowest PBw, especially when the buffer size is small. This is due to an excessive penalty of OC experienced in the uncontrolled push-out strategies (POC and P-POC). The threshold used in T-POC allows the PBw to be decreased at expense of PA (see Figure 5 ) since the total carried traf€ic is
The schemes are compared in terms of blocking probabilities as a function of the offered load for e l 0 and 50% of handoff calls, a typical value for a microcell environment. Under this condition the same P k has been found while P_poc/MBPS has the best Pfl performance, as shown in Figure 6 . . . This is due to a decrease of Pa. Since P-POC performs better than the other two schemes, it has been compared with the FIFO and NPS ones. Results are given in Figure 7 and 8, where blocking performances are shown as a function of the offered traffic under Q=lO, li=O.Sy and Q=lO, 1 4 . 7~ respectively. Under a low offered traflic P-POC is characterized by a PBw lower than both schemes and by a slightly higher Pfi when compared to the FIFO scheme. For higher offered traffic OC stream is excessively penalized thus resulting in a slightly higher PBm with respect to the NPS scheme only and the best performance as far as Pfi is concemed. w. CONCLUSIONS POC, TPOC and P-POC, three schemes based on queuing of both originating and handover calls and on the push-out strategy, have been studied. POC does not require any parameter to be tuned, as opposed to T-POC and P-POC.
The POC and the P-POC strategies have better performance as far as handoff failure is concemed but can result in an excessive penalty of OC blocking when a small buffer andor a high traffic load are considered.
T-POC allows these two blocking probabilities to be tuned allowing working as NPS or POC as particular cases by properly tuning the threshold. A comparison between the FWO and the MBPS service selection policies has been made.
Simulation results show the effectiveness of MBPS discipline in decreasing the mean waiting time, and thus forced termination probability, without affecting OC blocking probability. The P-POC scheme seems to provide the best performance but it is more complex to implement.
